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SUMMARY
Chrysotila lamellosa Anand. has been isolated from both fresh 
and marine habitats, and shows the a b ility  to grow in salin ities  
from 2?/oo to 32°/oo. The growth of the alga was measured 
within this range of sa lin ities , and i t  was found that the growth 
rate at low salin ities was greater than at high sa lin ities . This
was related to the production of zoospores in the cultures. The
content of chlorophylls and carotenoids was also measured within 
this range of sa lin ities  and i t  was shown that the pigment 
concentration tended to rise with increasing sa lin ity . The 
release of zoospores was also investigated and was shown to be 
moderated by sa lin ity , temperature and aeration. These results 
were compared and indicate that the alga is under environmental 
stress at low sa lin ities , and better adapted to growth at salin ities  
above 16^/00 .
n
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CHAPTER ONE
INTRODUCTION
1.1 The Taxonomy of Chryso tila  lamellosa Anand
Chrysotila lamellosa Anand was discovered during a study of the 
algal flora of British chalk cliffs(Anand, 1937). I t  was placed 
in the class Chrysophyceae family Chrysocapsaceae. The organism 
was subsequently placed in the Haptophyceae by Parke and Dixon 
(1964) and was f ir s t  placed in the order Prymnesiales (class 
Chrysotilaceae).
The same organism was also discovered by G eitler, but from a 
terrestria l habitat in 1942 (G eitler, 1942). This form, which 
was discovered as golden yelTow mucilage covered masses of cells 
growing on damp rocks and paths in Vienna, was named Ruttnera 
spectabilis, and i t  is under this name that most of the 
taxonomic studies have been made.
Geitler noted that the vegetative phase of the organism was 
morphologically similar to that of members of the genus Chrysocapsa 
and placed R. spectabilis in the family Chrysocapsaceae, class 
Chrysophyceae, Later, a new family, Ruttneraceae, was erected 
for the genus (Geitler 1943), This was based on the observation 
that the zoids possess two equal to sub-equal flag e lla , in contrast 
to the uniflagellate structure of the swarmers in Chrysocapsa. 
However Geitler was unable to state with certainty whether the
flagella of the zoids were heterokont or isokont, and this le f t  
some doubt as to the systematic position of the species. In fact 
having observed them to be heterodynamic, he believed them to be 
heterokont.
Bourelly (1968) included Ruttnera in the Ochromonadales (class 
Chrysophyceae) on the basis of Geitler*s belief that the flagella  
of the zoids are tru ly heterokont.
The type material of Ruttnera was thus isolated from a freshwater 
habitat, whereas that of Chrysotila came from a marine habitat, 
and there is l i t t l e  doubt that this fact has been responsible for 
keeping the information on these two taxa separated. More recently, 
however, isolates of Ruttnera have been grown in seawater, and 
although the type species has since been lost (B illard and Gayral, 
1972) the genus has been described from marine habitats.
Green and Parke (1974) investigated the fine structure of a strain 
of R. spectabilis obtained from the locus classicus. This work 
has shown that the flagella  of the zoids are equal to sub-equal, 
and that there is a much reduced haptonema of a very unusual type. 
This haptonema is so small that i t  is undetectable by ligh t 
microscopy, and is only visible under the electron microscope when 
the cell is sectioned in certain ways. Local accumulations of 
material within the endoplasmic reticulum cisternae were also 
discovered in the cells. These appeared as conspicuous spherical 
vesicles, usually more numerous in the region immediately external 
to the Golgi apparatus. Green and Parke have therefore placed 
Ruttnera in the Haptophyceae on the basis of these features. Such
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vesicles have been found in other members of the Haptophyceae 
since their f ir s t  description by Manton (1966, 1967).
Green and Parke also noted the sim ilarity between C. lamellosa 
and R. spectabilis and have subsequently made more detailed 
comparisons between these two species and C. s tip ita ta  (Green 
and Parke 1975).
C. s tip ita ta , like C. lamellosa, was isolated from a marine 
habitat. The zoids of C. s tip itata  have smaller scales than 
those of C. lamellosa. In the vegetative stage C. s tip ita ta  has 
a long mucilage stalk containing a variable number of ovate to 
elongate cells , and no obvious lamellations. C. lamellosa has a 
short mucilage stalk with obvious lamellations, and only one or 
two spherical cells situated d is ta lly . These differences confirm 
that C. lamellosa and C. s tip itata  are separate species. This is 
not so, however, with C. lamellosa and R. spectabilis. Their 
studies have shown that although there is some variation in the 
numbers of microtubules in the haptonema of the two forms,
C. lamellosa and R. spectabilis are the same species. Such 
variation in the numbers of microtubules has been found within 
other species (Manton and Leedale, 1961, 1963) and is therefore not 
sufficient to keep the two forms as separate species. No 
conclusion was reached as to which name should have p rio rity , 
although i t  has been suggested that Chrysotila be retained for 
marine isolates, and Ruttnera for terrestria l isolates but from 
the sources quoted Chrysotila lamellosa should have prio rity .
The systematics of the Haptophyceae are s t i l l  in a state of flux.
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and at present two orders are recognised; the Isochrysidales 
and Prymnesiales. The Prymnesiales are characterised by the 
possession of an obvious haptonema in the motile phase, whereas 
in the Isochrysidales this haptonema is not obvious. Green and 
Parke (1975) have suggested that these orders may need revision 
and have put forward the following characteristics for the Isochry­
sidales: organisms in which the rudimentary haptonema may or not be 
present, but i f  present, then not detectable with the optical micros­
cope. Chrysotila lamellosa would therefore be placed within this 
order.
More recently Hibberd (1976) has proposed the class Prymnesiophyceae 
to replace the name Haptophyceae, with some changes in the 
classification of certain species. At present, however Chrysotila 
lamellosa is placed in the class Haptophyceae, order Isochrysidales 
family Chrysotilaceae in the most recent check l is t  of the British 
marine algae (Park and Dixon, 1976).
1.2 The Structure of Ruttnera phase of Chrysotila lamellosa
The cells of the vegetative phase are approximately 4.5 yUm in 
diameter, surrounded by a layer of mucilage, of variable size 
(Fig 1 .1). The mucilage layer stains red-purple with toluidine 
blue, and in young cultures is comparatively thin. With increasing 
age the mucilage becomes thicker and can be seen to be composed of 
several layers (Fig. 1 .2). As ageing proceeds the cells appear to 
grow on a "stalk" of mucilage, assuming the Chrysotila - like form. 
Green and Parke (1974) have shown that in this stage, mineralized 
elements are present in the mucilage.
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Within the cell there is a single yellow-green chloroplast, a 
large chrysolaminarin vesicle, and a small orange-red carotenoid 
body.
The mucilage sheath is absent in the motile phase. The cells , 
pyriform in outline and flattened dorso-ventrally, are 6- 8 yum 
long by 3 -4yum broad. As in the non-motile phase, there is a 
single, parieta l, golden-yellow chloroplast, a large basal 
chrysolaminarin vesicle, several lip id  droplets, and a small 
orange red carotenoid body.
Two equal, or sub-equal flagella are inserted sub apically at the 
anterior end of the c e ll. The flagella are heterodynamic, the 
anteriorly directed one beating with an undulating motion, the 
posteriorly directed one having a s t i f f  vibratory action. Green 
and Parke (1974) f ir s t  described the reduced haptonema located 
between the two flagella . As previously mentioned (Chapter 1.1) 
this haptonema is undetectable by light microscopy.
The biology of this species poses a number of questions as a 
result of its  two separate descriptions from widely differing  
habitats. Most obvious is the apparent a b ility  to survive and 
grow in both marine and freshwater habitats, and i t  is the answers 
to these questions which are the main objects of the present study
BONEY‘S GROWTH MEDIUM
Table 2.1
Solution A
Total 62ml.
I
I I
50ml 0.4% Nag NO3
2 . 0ml of each of
Mn SO^ 1.47g/l
Cu SO^ 0.023g/l
Co CI2 0.064g/l
Li Clg 0.005g/l
Zn SO4 4.98g/l
MoO, 0.23g/1
Solutions added and autoclaved to make 
Solution A
Solution B 0 . 012g Fe SO^  dissolved in 100ml of 0.26% 
EDTA solution. Autoclaved
Solution C 0.15% solution of Na^  HPO^  
Autoclaved
‘inal mixture 1 L aged filte red  seawater + Solution A,
+ 15ml solution B, + 15ml Solution C, and 
the solution pasteurised.
CHAPTER TWO 
MATERIALS AND METHODS
2.1 Supply and Maintenance of Cultures
One culture of the “Ruttnera spectabilis” and two different 
strains of the “Chrysotila lamellosa” form of the species were 
obtained from the Plymouth laboratory. Sub-cultures of each were 
immediately transferred to solutions of Boney's Culture medium 
(Table 2 .1 ). These cultures were kept in a regime of 12 hours 
ligh t: 12 hours darkness, at 2760 lux, at a temperature of 12°C.
From these cultures, further sub-cultures were set up in ASP6 
solution (Chapter 2 .2 ), and maintained in the conditions described 
above. These cultures were used as the “stock" cultures for a ll 
subsequent experiments, and were regularly infused with fresh ASP6 
medium in order to maintain them, as far as possible, in an 
identical condition. Although these cultures were unialgal, and 
were regularly inspected in order to confirm th is , they were not 
axenic. Bacterial contamination was, however, kept to a minimum. 
Axenic cultures were not required for the majority of the experiments
2.2 ASP6 Culture Medium
The cultures were originally transferred to Boney‘s Culture 
medium, as i t  is a good, general purpose culture medium, which is 
known to support the growth of a wide range of unicellular marine 
algae. The salin ity  of this medium cannot be varied easily, nor
Table 2.2
A S P 6 CULTURE MEDIUM
Na Cl 
K Cl 
Mg so^
Ca Cl 2
Na NO3
Nag GLYCEROPHOSPHATE 
Nag SIO3
TRACE METAL SOLUTION 
VITAMIN SOLUTION
411 mg M
9.4 mg M
32.5 mg M 
3.75 mg M
317
246
3.53 mg M 
/jg M 
/ig M
P8
8A
TRIS 8.25 mg M
PH
Water to
7.4 - 7.6 
1000 ml
P8
Zn SO^
Mn sO^
Nag MôO^
Co Cl2 
Cu SO^
Fe EDTA 
VERSONAL 
CHELATE : METAL
H3BO3
7.7 yug M 
18 jmq M 
5 .2 /jg M 
0.17/jg M 
0.32/jg M
!/jg M35.8,
87 .2 /jg M
1.3 : 1 
185 /jg M
Table 2.2 (continued)
8A Vitamin Solution
Concentration/L of Medium
Thiamine HCl 2.0 mg
Nicotinic acid 1.0  mg
Ca Pantothenate 1.0 mg
p Aminobenzoic acid 0 .1yug
Biotin S.Oyug
i Inositol 10 yug
Cyanocobalami ne O.Syug
Thymin 8.0 mg
Pyridoxine HCl 0.4 mg
Pyridoxamine 2HC1 0.2 mg
Putrescine 2HC1 0.4 mg
Riboflavin 50 /jg
Choline HgCitrate 5.0 mg
Orotic acid 2.6 mg
Folinic acid 2.0/ug
can its  composition be easily altered, as i t  is based on aged 
pasteurised seawater (Table 2 .1 ).
A culture medium suitable for this project had to satisfy the 
following requirements in addition to sustaining the growth of 
the organism in good condition:
a) to be easily varied in total salin ity
b) to be to ta lly  synthetic
c) to a lte r the main nutrient balance as
l i t t l e  as possible.
These requirements were met by ASP6 culture medium (Provasoli, 
McLaughlin and Droop 1957, Provasoli 1963, McLachlan 1973), and 
its  composition is given in Table 2.2. This is a completely 
synthetic medium. In it ia l experiments showed that the alga would 
grow favourably in the fu ll strength medium, which has a total 
salin ity  of 32°/oo.
The salin ity of ASP6 medium is determined by the quantities of the 
major salt components - Na Cl, Mg SO ,^ and Ca Clg. The adjustment, 
in proportion, of these four major salts allowed the exact 
determination of the salin ity  of the culture medium. I t  was noted 
that the pH of the medium was relatively  stable over the range of 
salin ities  chosen, and from this i t  was assumed that the overall 
character of the medium was relatively constant throughout the 
range.
In preparation of a range of sa lin ities , a basic stock culture 
was made up from the four major salts. Each individual salinity
was then obtained by dilution from the stock solution. In
this way the medium was kept as constant as possible. The
micronutrients were then added to the major salt solution, and 
the medium was autoclaved. In it ia l ly ,  problems were experienced 
due to the precipitation of some salts. This was believed to be 
caused by the sodium s ilicate  forming insoluble compounds with 
some of the heavy metals required as micronutrients. Precipitation 
occurred most commonly when the sodium s ilicate  was added as one 
of the f ir s t  micronutrients, but not i f  added as the last of the 
solutions. This also occurred after autoclaving, and to avoid 
precipitation, the media were well agitated to assist complexing 
of a ll heavy metals, before the addition of the sodium s ilicate  
solution. After autoclaving and cooling, a ll culture solutions 
were carefully inspected for the presence of precipitates, and 
any solutions which were in any way suspect, were discarded. 
McLachlan (1973) has suggested that in most cases, the complete 
vitamin structure is not necessary, and the moieties which are 
present after autoclaving are equally effective. Cultures of 
Chrysotila were grown in solutions which had been autoclaved 
after the addition of the 8A vitamin solution, and in solutions 
which had been autoclaved, and subsequently had pasteurised 8A 
vitamin solution added. There was no observable difference in the 
growth of alga in these two solutions, however, as l i t t l e  work 
has been reported on this matter, the decision was taken to use 
the accepted method of adding pasteurised vitamin solution to 
previously autoclaved, and cooled medium.
2.3 Culture Methods
Two different culture methods were used. For small volume 
cultures, including the maintenance of stocks and the acclimatisa­
tion to different sa lin ities , the algae were grown in 250ml 
Erlenmeyer flasks. The flasks were placed on glass shelves and 
illuminated from below by a single 60 watt Atlas "Daylight" 
fluorescent tube, giving 2160 lux at the flask level. The flasks 
were given 12 hours ligh t: 12 hours darkness. The temperature 
of the cold room was 12°C + 2°C.
Large volume cultures, for the experiments on growth rates, 
pigment analyses, DNA content, and zoospore"release, were kept in 
more closely controlled conditions. The algae were grown in 0.5L 
of culture medium, in IL Roux flasks (Fig 2 .1 ). Each flask was 
aerated through a tube reaching to within 5 cm of the bottom of 
the flask, and this provided agitation to the culture. The 
offset adapter was plugged with non absorbent cotton wool to 
permit the escape of a ir ,  and prevent the entry of contaminants.
The ventilation rate was controlled by a screw clamp on the a ir  
lin e , allowing independent adjustment to the rate of flow in each 
flask. A single high-flow pump provided sufficient aeration for 
twelve flasks. The a ir pressure was kept constant by allowing the 
excess to bubble o ff against a 150 cm column of water (Fig 2 .2 ).
The a ir was then passed through a s ilica  gel column to remove 
moisture, and then through an aspirator f ille d  with cotton wool to 
remove any remaining contaminants and airborn organisms. This 
aspirator, and a ll the silicone rubber tubing was regularly
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Table 2.3
CELL PACKING BY CENTRIFUGATION
SPEED TIME AVERAGE PACKED CELL
VOLUME AS % OF TUBE VOLUME
CELL
DAMAGE
2 min 14.5%
4 min 14,0%
1,000 RPM 6 min 13.9% Negligible
8 min 13.9%
10 min 13.9%
2 min 11.5%
4 min 11.1%
2,000 RPM 6 min 11.1% Negligible
8 min 11.1%
10 min 11.1%
2 min 11.1%
4 min 11.1%
3,000 RPM 6 min 11.1% Negligible
8 min 11.1%
10 min 11.1%
2 min 9-.0%
4 min 9.0%
4,000 RPM 6 min 9 .0 % Approx 10%
of cells
8 min 9 .0%
10 min SuO%
autoclaved, in order to maintain a s terile  flow.
The flasks were immersed in a glass tank (122 cm x 46 cm x 46 cm) 
f ille d  with water to a level above that of the culture medium in 
the flasks. The temperature was held at 15°C + 0.1°C by two 
standard immersion heaters placed at opposite ends of the tank, 
the water being circulated by a small pump. Illumination was 
provided by four Atlas 60 watt “daylight" tubes (2 on either side 
of the tank), giving a total illumination in the centre of the 
tank of 2160 lux. The tubes were inspected regularly, and 
replaced when emission was found to be fa llin g . The cultures 
were maintained in 12 hours light: 12 hours darkness.
2.4 Determination of Growth in Culture by Packed Cell Volume
The measurement of the growth of Chrysotila in culture by biomass 
estimates is made d iff ic u lt  by the presence of the thick mucilage 
sheath. Further problems are introduced by the "Sarcinochrysis" 
-  like  growth habits, and also by the variable release of zoids.
Cell counting techniques are rendered almost useless by the 
variable size of the celVblocks". The cells in agitated 
cultures are usually found in "blocks" consisting of between four 
and eight cells (Chapter 3 .1). Attempts were made to estimate 
the number of cells in a culture using a Coulter Counter.
However this apparatus counts only particles within a preselected 
size range, and is incapable of accounting for the variation in 
the number of cells which constitute a "particle". The results 
for different samples from the same culture were found to be so
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variable that even averaging several samples gave an unacceptably 
high level of uncertainty.
Agitation of the culture, to reduce the "blocks'* to single cells 
was also unsuccessful. Although the large "blocks" readily 
fragment; as noted elsewhere, blocks of between four and eight 
cells seem to be re lative ly  stable, and a large amount of 
agitation is required before a culture contains a majority of 
single cells. This may be acceptable when counting is the final 
stage, but when the culture is required for further experiments, 
the risk of damage is too great, and so this method of estimating 
cell numbers was rejected.
As a measure of the total growth of a culture, the determination 
of wet packed cell volume using calibrated Wintrobe (blood 
sedimentation) tubes, as used in studies with other algae (Dring 
1967, Hadi 1974) was found to be the most accurate and convenient 
method. Preliminary experiments were undertaken to find the 
best centrifuge speed, with regard to cell damage, and replicable 
results. I t  was found that at speeds below 2,000 rpm the 
packing is uneven, and the results are somewhat variable, whereas 
at speeds of over 4,000 rpm there is obvious cell damage. The 
results of these experiments are shown in Table 2.3 and Fig 2.3. 
Following centrifugation, the packed cells were resuspended in 
culture medium, and tested for v ia b ility . These tests confirmed 
that some cell damage had occurred at 4,000 rpm, but at a ll other 
speeds, damage was so low as to be undetectable. From the results 
of these experiments i t  was decided to take a ll measurements at a
11
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speed of 3,000 rpm for six minutes.
I t  is possible that the mucilage sheath acts as a cushion for 
the cells protecting them against some of the force of centrifuga­
tion. At low speeds, due to this mucilage, the packing is uneven,
leading to va riab ility  in the results. At high speeds, the
cushioning effect is insufficient to prevent disruption of the cells, 
I t  is possible that, i f  the mucilage is compacted during centrifuga­
tion, i t  may expand when the treatment stops. No data is available 
on th is , but to minimise any such effects, a ll readings were taken 
immediately on removal of the tubes from the centrifuge.
2.5 Determination of Growth by Spectrophotometric Methods
The use of Wintrobe tubes for determination of the volume of cells
in culture was successful when growth was being measured at the
end of an experiment. However, to obtain a sufficiency of 
relevant data daily measurements are required. I t  was fe lt  that 
the interference caused to a culture by subjection to repeated 
centrifugation could seriously affect the growth of the organism 
and bias the results, and so an alternative method of estimation 
was required. The requirement for minimum interference could be 
met by using only a small sample from the culture, and estimating 
the cell content by spectrophotometry.
A Pye Uni cam SP600 spectrophotometer was used in it ia l ly ,  and 
calibrated against cultures of known wet packed cell volume.
Readings were taken at 700 nm, to give a measure of the turbidity
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of the culture. I t  was hoped that this would account for the 
variab ility  in particle size, but the results were highly variable, 
and the use of 5 cm cells instead of 1 cm cells gave no noticeable 
improvement. The readings also changed gradually, and although 
this did not seriously affect the readings, i t  did add to the 
doubts as to the su itab ility  of this method.
The results were less variable at 550 nm, and a calibration curve 
was drawn (Fig 2 ,4 ). Although this method could be adapted i t  
was rejected in favour of the Nephelometer measurements. One 
disadvantage of the SP600 is the precision of the wavelength 
setting. The absorption could therefore be affected by the 
pigment concentration within the ce lls , which was la ter shown to 
vary according to the salin ity  of the medium. An extra 
variable is therefore introduced into the measurements, which 
cannot easily be taken into account.
The Eel Nephelometer was fin a lly  selected as i t  gives a more 
general reading of particle density, by reflection, and not by 
absorption. This reading is also taken using a wide, rather than 
a narrow frequency band, thus helping to eliminate inaccuracies 
due to differences in pigment concentrations between cultures 
grown at different sa lin ities . The effects of settlement are 
considerably reduced in the larger volume of the sample, in 
this case 20 ml, and to the way in which the ligh t is shone 
through the culture. A calibration curve was drawn (Fig 2.5) 
and i t  can be seen that there is a direct relationship between 
the turbidity of the sample and the wet packed cell volume. As
13
outlined above, the use of this method involves l i t t l e  interference 
with the culture of the organisms, and has the advantage that i t  is 
a very sensitive method, and can give accurate results for low 
density cultures.
2.6 Determination of Pigments
The method follows that outlined by Parsons and Strickland (1963, 
1968). A known volume of cells was suspended in 10 ml of 90% 
acetone, and placed in complete darkness for 20 hours in a 
refrigerator, to allow the pigments to be extracted. The tubes 
were then allowed to reach room temperature, in darkness, and 
centrifuged at high speed. I t  was noted that this method gave 
incomplete extraction, as the residue in the centrifuge tubes 
was darker in colour than the supernatant. This is probably due 
to the mucilage sheath, which slows down the rate of extraction of 
the pigments by the acetone.
Allowing extraction to take place over a longer period of time 
could ensure more e ffic ien t removal of the pigments, but could also 
result in their degradation, and so this method was rejected.
Before extraction with acetone, the cells were f ir s t  ground in a 
mortar with a measured quantity of washed silver sand. This was 
completed in subdued lig h t, and the mixture was transferred to 
centrifuge tubes in 10 ml of acetone. The tubes were placed in 
darkness in a refrigerator, and treated as detailed above. To 
hasten extraction the tubes were agitated after one hour, and again
14
after two hours.
Before centrifugation, the volume was checked, and made up to 10 ml 
with 90% acetone, to compensate for evaporation.
All readings were taken using 1 cm cells in a Pye-Unicam SP600 
spectrophotometer. Extinction values were noted at 480 nm, 630 nm, 
645 nm, 665 nm and 700 nm.
2.7 Determination of DNA
A known packed cell volume of axenic culture was refluxed with 80% 
red is tilled  methanol to aid bleaching. The cells were centrifuged 
at high speed and the residue was treated with 10% ice cold 
trichloroacetic acid, for one hour at r 15°C. The precipitate was 
centrifuged at 5000g and extracted with a solvent of 2 ether:
2 ethanol: 1 chloroform, to remove fa t and moisture. The residue
was centrifuged at SOOOg and then dried in vacuo. The pellet 
was hydrolysed with 5 ml potassium hydroxide (0.5M) for one hour at 
57^C, and then centrifuged at 0°C.
The residue was mixed with a known volume of 10% perchloric acid 
and incubated at 90°C for 15 minutes. The supernatant, after 
centrifugation, was transferred to 1 cm cells and the extinction 
at 260 nm was measured on a Pye-Unicam SP800 spectrophotometer 
(Schneider, 1946).
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2.8 Production of Axenic Cultures
For most of the experiments, the presence of bacteria was of no 
consequence, and although a ll apparatus and solutions were sterilised  
before use, this was to ensure that the cultures remained unialgal. 
This procedure did, however, ensure that other microorganisms were 
kept within acceptable lim its , and in this respect, the algae were 
sometimes washed in .s te rile  solutions, to cut down the transfer 
of microorgansims between cultures.
In producing axenic cultures i t  is important to in f l ic t  as l i t t le  
damage as possible on the algae, consistent with ridding the 
culture of a ll other microorganisms.
The algae were f ir s t  treated by vigorous washing in s terile  
solutions, with subsequent transfer to s terile  medium. The 
cultures were grown in Erlenmeyer flasks for one week, and then 
tested for microorganisms using a solution of bactopeptone and 
glucose (Hoshaw and Rosowski, 1973). Two solutions were used.
I ig Bactopeptone
ig Glucose
100 ml D istilled  water.
I I Ig Bactopeptone
ig Glucose
100 ml ASP6 solution, fu ll strength.
Both solutions were autoclaved before use. The two solutions 
were used in order to cover a ll possible contaminating microorganisms, 
and were incubated at 20°C for four days. In a ll cases,
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microorganisms were found to be present. In order to check 
the method, a "control** experiment was run at the same time using 
sterile  solution, and this procedure was continued in a ll further 
experiments. In this case, no contamination entered the control 
experiment.
In the second method, cultures of the algae were streaked on 
sterile  ASP6 agar plates, and grown in the coldroom in the same 
conditions as the stock cultures. After several days, each 
culture was examined, and any which appeared clear of bacteria, or 
which showed reduced bacterial growth, were streaked again. The 
streaking is limited by the growth of Chrysotila, which was found 
to be very slow on agar, and i t  was not possible to carry this 
beyond three treatments. Bacterial contamination was considerably 
reduced by this method, and as such, i t  could be recommended for 
clearing cultures which have a high bacterial population, but in 
no case was i t  a successful method for the production of axenic 
cultures. Antibiotics have been successfully used (Droop 1967) 
to produce axenic cultures of algae, but because of the unknown 
effects on growth and development, this method was not adopted at 
f ir s t .  The fa ilure of other mechanical means however, le f t  this 
method as the only acceptable alternative. Droop's method of 
successive dilutions from a single concentrated solution was used, 
each dilution producing a concentration of half the strength of 
the previous one, v iz :-
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Table 2.4
ANTIBIOTIC MIX No 1
Benzyl Penicillin  4,000 /ig
Streptomycin SO^  720 /jg
Chloramphenicol 640 yug
5,360 /jg
Table 2.5 
SURVIVAL OF ALGAE AND BACTERIA
Cone in /jg/ml of culture 
24 hrs 5,360 2,680 1 ,340 670 335
Algae + + + + +
Bacteria + + + + +
48 hrs
A1 gae - + + + +
Bacteria - - + + +
Table 2.6
Cone in /jg/ml of culture 72 hrs exposure
5,360 2,680 1,300 670 335
Algae - - + + +
Bacteria - - + + +
Table 2.7
Algae
Bacteria
Survival of Algae and Bacteria with Penicillin  (/jg/ml)
10,000 5,000 2,500 1 ,250 625
+ + + + +
+ + + + +
Table 2.8
Algae
Bacteria
Streptomycin (/ig/ml)
5,000 2,500 1,250
+ + +
+
625
+
312.5
+
(+ : see text)
5 ml antibiotic 5 ml
mixture at 10720/ig/ml Chrysotila culture
mixed
I
5 ml of culture 
+
antibiotic
5 ml culture + 
antibiotic at 
5360 /jg/ml
5 ml culture
mixed
5 ml of culture 
+
antibiotic
5 ml culture + 
antibiotic at 
2680 /jg/ml
etc.
The in it ia l mixture was made up as shown in the Table 2.4. The 
f irs t attempt over 24 hours exposure gave both viable algae and 
bacteria, and so further exposures were tried over 48 hours, and 
72 hours (Tables 2.5 and 2 .6 ). This gave more encouraging results, 
in that the algae appeared to be viable at 2680 jug/ml whereas the 
bacteria were k illed . The cultures of algae were maintained in 
axenic conditions, but soon began to deteriorate. The f ir s t  
evidence was a gradual change in the colour of the culture, and 
within about four weeks, the majority of cells in the culture were 
dead. This did not happen with cultures exposed for 24 hours to 
the antibiotic mix, but was evident in cultures exposed for longer 
periods. The failure of this technique is possibly due to the 
presence of the mucilage sheath around the alga. In this mucilage.
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Table 2.9
Chloramphenicol (/ig/ml)
2,500 1,250 625 312 156
+ + + + +
+ + H* + +
Table 2.10
Mtfomycin (jug/ml )
2,500 1,250 625 312 156
+ + + + +
+ + + + +
Table 2.11
Antibiotic Mix prepared
Penicillin 5,000 /ig
Streptomycin 5,000 /ig
Neomycin 5,000 /jg
Chloramphenicol 2,500 yug
17,500yug
Table 2.12
Results with Antibiotic mix (jug/ml) 24 hour exposure
70.000 35,000 17,500 8,750 4,375
Algae . + + + +
Bacteria - - - - +
Table 2.13
Subcultures from above after 7 days (jug/ml)
70,000 35,000 17,500 8,750 4,375
A1 gae - - + +
Bacteria - - - - +
bacteria are protected to some extent from the effects of the 
antibiotic. Longer exposures are therefore required to give the 
antibiotic more time to penetrate through the mucilage layer.
This layer also serves to protect the algae, explaining the high 
levels of antib iotic which they can tolerate over a short period 
of time, and the delayed effect noticed at the 2680 /ig/ml level, 
where the algae were in it ia l ly  viable, but only la ter began to 
show adverse effects.
I t  is probable that the mucilage retains the antib io tic , after 
transfer into fresh medium, and so the effective exposure is 
considerably longer than the time during which the algae are 
actually in the solution. I t  was noted, on several occasions 
(denoted in the Tables as + results) that the cultures were 
in it ia l ly  axenic. This condition usually existed for one to three 
weeks, and subsequently showed the presence of viable bacteria.
This effect can also be related to the mucilage layer. I t  is 
probable that the bacteria are inactivated, but not k illed  inside 
the mucilage. After a short period of time they begin to 
reproduce, f ir s t  within the mucilage, and then spread into the 
culture, thus giving a positive test only after several days. In 
all cases the control experiments confirmed that the technique 
used, was sufficient to produce and maintain s terile  culture medium,
From the f ir s t  results i t  was obvious that the antibiotic mix was 
not very well suited to Chrysotila and so several individual 
antibiotics were tested, to assess their toxicity. These results 
are shown in Tables 2.7 to 2.10. From these results a new "mix"
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was devised with the proportions as shown in Table 2.11. This 
proved satisfactory (Tables 2.12 and 2.13), and illustrates the 
results of both Chrysotila and the contaminating bacteria, to short 
term exposures of high antibiotic concentrations. Once obtained, 
the axenic cultures were subcultured, and regularly tested for 
contaminating bacteria.
One further method was investigated la te r, when a reliable method 
for the production of zoospores had been developed (Chapter 2 .9 ).
The zoospores of Chrysotila are strongly phototactic. In this 
condition they have shed the mucilage sheath, and one major source 
of contaminating bacteria is therefore eliminated. Using the 
apparatus shown (Fig 2 .6 ) ,(G uillard, 1973), several attempts were 
made to obtain axenic cultures, but although bacterial contamina­
tion was considerably reduced, no axenic cultures were obtained.
The most d if f ic u lt  stage is the transfer of the motile spores, in 
sterile  conditions, once they are separate from the bacteria.
The use of control experiments confirmed this observation. This 
method has the obvious advantage that i t  utilises the normal 
behaviour and l i fe  cycle of the organism and i t  eliminates the 
possibility of altering the culture or the organism with antibiotics
2.9 Production of Zoospores
Green and Parke (1974) reported the release of zoospores from 
cultures, when exposed to osmotic shock, or to a combination of 
osmotic and temperature shock, but their results were inconsistent.
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Some considerable time was spent investigating the correlations 
between lig h t, osmotic and temperature shock, and the release of 
zoospores in a culture. As noted in Chapter 3, zoospores are 
normally present in a very low concentration in cultures of a ll 
sa lin ities . The production of a synchronised release of zoospores 
was found to be dependent upon aeration and osmotic shock only, 
moderated by temperature.
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CHAPTER THREE
RESULTS
3.1 Growth Forms of Chrysotila lamellosa
Chrysotila shows two distinct forms of growth in the non-motile 
phase, which appear to be related to the age of the cells , and the
levels of nutrients in the culture.
In the f ir s t  form, the cells grow in "packets" enclosed in a common 
mucilage sheath (Figure 1.3); the "Sarcinochrysis" condition 
(Green and Parke 1974).
I f  the cultures are allowed to age, the cells separate and grow singly
in a manner similar to the green alga Prasinocladus (order
Prosinocladales, class Prasinophyceae) (Figure 1.2). This form only 
occurs i f  the culture remains undisl^ rjGbed for a considerable length 
of time. I f  the cultures are maintained with fresh medium, the 
cells remain in the juvenile "Sarcinochrysis" condition, and this 
is the form in which a ll experimental cultures were maintained.
Detailed observations on the juvenile condition indicate that the 
physical structure of the packets depends on the condition in the 
culture medium.
When grown in small Erlenmeyer flasks, without agitation, the cells 
form a mat on the base and sides of the flask. This is very 
unstable, and the slightest agitation results in the mat breaking
22
up into irregular masses of cells. I f  the culture Is then le f t  
undisturbed, the cells soon revert to growing in a single mat.
In addition, a heavy growth of cells forms around the sides of the 
flasks in contact with the surface of the culture medium. This 
growth of ce lls , which is identical to the cells elsewhere in the 
culture, is the result of settlement of zoospores. On release, 
the zoospores swim upwards, and settle on the side walls of the 
flask. Cell mats are formed by cell division from these settled 
zoospores.
In cultures which are agitated, the cell "blocks" are much smaller 
and more regular in size. Most cell "blocks" were found to be in 
the range of four to sixteen cells in size. This size of cell 
"block" is the most stable, and occurs in cultures where agitation 
is regular, such as by a ir  bubbling through the medium. Increasing 
the agitation has l i t t l e  effect on the average "block" size, and 
vigorous shaking is required to produce single cells. No attempt 
was made to grow cells singly in culture, as i t  was fe lt  that the 
level of agitation could result in cell damage. The agitation 
produced by a ir bubbling through the culture, as found when growing 
the algae in Roux flasks, is also sufficient to prevent the build 
up of tide lines, formed by the zoospores.
When investigating the growth rate of the algae in culture, agitation 
is an obvious advantage in that i t  maintains the algae in more 
homogeneous and in physically better controlled conditions than 
non-agitated cultures. The culture method used (Chapter 2.3) 
employing a ir bubbled through Roux flasks fu lf i l ls  these conditions.
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Table 3.1
Salinity and Growth over 21 days
Wet packed cell volume (mm^ )
Salinity In it ia l
Inoculum
Resultant
Inoculum
Increase X Inc
0.0501 0.3004 0.2503 5.00
2°/oo 0.0501 0.3270 0.2769 5.53
0.0548 0.2493 0.1945 3.55
0.542 0.2001 0.1459 2.69
4°/oo 0.542 0.2554 0.2012 3.71
0.0692 0.2528 0.1836 2.65
0.0639 0.2128 0.1389 2.17
6°/oo 0.0639 0.2166 0.1521 2.38
0.0564 0.2690 0.2126 3.77
0.0513 0.2565 0.2502 4.00
8°/oo 0.0513 0.2303 0.1790 3.49
0.0568 0.4512 0.3944 6.49
0.0493 0.2443 0.1950 3.96
10°/oo 0.493 0.2494 0.2001 4.06
0.0506 0.3310 0.2804 5.54
0.0928 0.2972 0.2044 2.20
16°/oo 0.0928 0.3970 0.3042 3.28
0.0956 0.3971 0.3015 3.15
0.1003 0.2618 0.1615 1.61
32°/oo 0.0883 0.2739 0.1856 2.10
0.0717 0.2531 0.1814 2.53
From observations made, the rate of bubbling is not c r it ic a l,  
provided a certain minimum amount of agitation is achieved, and so 
during culture, the a ir  flow was regularly checked, although continuous 
monitoring was not deemed necessary.
As the culture ages, the mucilage layers become thicker, and the
cell blocks break up. The mucilage bui)4^up at this stage also tends / - ^
to become a s ^ e tr ic , and with increasing age, the cell forms a stalk A
of mucilage (Figure 1.2). The colour of the culture changes from
dull green to orange, partly due to the increase in o il reserves
which form within the cells (Chapter 4). The pigment composition of
the cells also changes, but no data is available on this.
3.2 The Effect of Salin ity on Growth
The growth of the alga at different salin ities was f ir s t  measured 
over 21 days and estimated as a packed cell volume. This period of 
time was chosen after in it ia l observations suggested that the algae 
would be in the exponential growth phase (Fogg 1965).
The algae were grown in 0.5L of ASP6 medium (Chapter 2.4) and the 
salin ity  of the medium was varied between 2°/)o and 32°/oo. The 
results are shown in Table 3.1 and Figure 3.1. These results are 
summarised in Table 3.2, and a comparison by variance ratio
(significance, p=0.2) is shown in Table 3.3.
Several attempts were made to grow the algae in freshwater, with a ll 
salts in micronutrient concentrations, but these were unsuccessful.
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Table 3.2
Salinity Average increase 
in Inoculum
Standard
deviation
2 % 4.69 0.70 0.84
4% 3.02 0.24 0.49
6% 2.77 0.50 0.71
8% 4.81 2.31 1.52
10% 4.52 0.52 0.72
16% 2.88 0.23 0.48
32% 2.08 0.14 0.37
Table 3.3
Salinity and Growth Rate - Significance
2 4 6 8 10 16 32
2 + - + - + +
4 2.91 - + - - -
6 1.40 2.80 + - - -
8 3.30 9.63 4.62 + + +
10 1.35 2.17 1.04 4.44 - +
16 3.04 1.04 2.17 10.04 2.26 -
. 32 5.0 0.58 3.57 16.50 3.71 1.64
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Although these results are important, they give no indication of 
the progress of the growth of the species.
Cultures were set up, as above, at salin ities from 2^/oo to 32°/oo, 
and the packed cell volume was estimated by use of the nephelometer. 
Readings were taken daily for 14 days, and results are shown in 
Table 3.4. The cultures were also examined microscopically to 
ensure that they remained unialgal and that the bacterial contamin­
ation remained within acceptable lim its. The results of these 
experiments are summarised in Figures 3.2 to 3.6.
3.3 The Effect of Salinity on Pigment Concentration
The algae were grown in 0.5L of medium, as previously described, 
in sa lin ities  from 2^/oo to 32°/oo. The period of growth in all 
cases was 21 days.
An extract was made in 90% acetone, and an absorption spectrum taken. 
This is shown in Figure 3.7.
The results of the pigment concentration analyses are shown in Figures 
3.8 to 3.11. These were compared using the variance ratio test,
and are shown in Tables 3.5 to 3.8. The significance is shown for
p=0 . 2 .
3.4 The Effect of Salinity on DMA Content
The algae were grown, as described previously, and the results of 
the DMA analyses are shown on Figure 3.12.
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Table 3.5
Variance Ratios - Chlorophyll a v Salinity
2 4 6 8 10 12 16 32
2 + + + + + + +
4 5162 + - - - + +
6 2073 2.49 - + + + +
8 4360 1.18 2.10 - - + +
10 4834' 1.06 2.33 1.11 - - -
12 8258 1.60 3.98 1.89 1.71 -
16 44589 8.63 21.51 10.22 9.22 5.40 -
32 25060 4.85 12.09 5.75 5.18 3.03 1.78
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Table 3.6
Variance Ratios Chlorophyn c v Salinity
2 4 6 8 10 12 16 32
2 - + + + + + +
4 12.82 + + + + + +
6 36.67 2.86 - - - + +
8 26.99 2.11 1.36 - - + +
10 38.59 3.01 1.05 1.43 - - -
12 50.26 3.92 1.37 1.86 1.30 - -
16 380.2 29.66 10.37 14.09 9.85 7.56 -
32 138.5 10.80 3.78 5.13- 3.59 2.76 2.75
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Table 3.7
Variance Ratios Carotenolds v Salin ity
2 4 6 8 10 12 16 32
2 + + + + + + +
4 335.9 + + + + + +
6 1207 3.59 - - - + -
8 1515 4.51 1.25 - - + -
10 1552 4.62 1.29 1.02 - - -
12 2465 7.34 2.04 1.63 1.59 - +
16 11850 35.27 9.82 7.82 7.63 4.81 +
32 764 2.27 1.58 1.98 2.03 3.22 15.5
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Table 3.8
Variance Ratio Total Chlorophylls/Carotenoids v Salin ity
2 4 6 8 10 12 16 32
2 - + + + + - +
4 1.10 + + + + - +
6 2.73 3.01 + + + - -
8 9.83 10.85 3.60 + + + +
10 271.3 299.5 99.38 27.60 + + +
12 5292 5843 1938 538.4 19.51 + +
16 1.95 2.16 1.40 5.03 138.97 2710 -
32 2.93 3.23 1.07 3.36 92.67 1807 1.50
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Due to the d iffic u lty  experienced in obtaining axenic cultures, 
and also to the fact that these were only obtained at the end of the 
project, the results are only available for salin ities of 4°/oo to 
32°/oo.
3.5 Results of Long Term Growth at Different Salinities
The algae were grown in 100 ml of culture medium, at sa lin ities  of 
2°/oo, 4°/oo, 8°/oo, 16°/oo and 32°/oo, in 250 ml Erlenmeyer flasks, 
and were regularly examined over a period of six months.
In gross morphology, no significant differences could be seen 
between algae grown at the different sa lin ities . Considerable 
attention was paid to the thickness of the mucilage layer, but at 
f ir s t  there were no measurable differences. The growth habit of the 
cultures also remained the same. After about two months, differences 
began to become apparent. In general appearance, the cultures at 
the lower s a lin ities , especially at 2°/oo and 8®/oo, appeared to be 
ageing faster. Although the dimensions of the cells , and the 
thickness of the mucilage sheath, remained very sim ilar, the mucilage 
in the lower salin ity  cultures showed much more obvious layering, 
and i t  was possible to see the layering in these cultures without 
using stains.
As ageing proceeded, a ll cells accumulated oil vesicles, confirmed 
by their positive reaction to Sudan Black, and this led to a gradual 
change in the appearance of the culture, from the normal green-brown, 
to an orange-green colour.
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The experiment ran for six months, but during this period the cells 
did not adopt the senescent form of growth habit described previously 
(Chapter 3.1) although some of the signs of th is , especially the 
presence of o il vesicles and layering of the mucilage had become 
apparent.
3*6 Results of Observations on Growth at Different Temperatures
Cultures of the algae were grown in 100 ml of medium in 250 ml 
Erlenmeyer flasks. The algae were grown at salin ities  from 2°/oo 
to 32^/00 at temperatures of 2°C, 10°C, 20®C and 30°C, for 14 days. 
Observations were made on a regular basis during this time. All 
cultures were set up from the same stock culture, and the inoculum 
was the same for each.
At 30^ C the mucilage layer had increased in size within 24 hours and 
vesicles began to develop in the cells . Some of the vesicles 
stained positively with Sudan Black, showing an increase in the number 
of o il vesicles, but others showed no such positive reaction. After 
48 hours the condition of the cells began to deteriorate and after 
four days the cultures contained a high proportion of dead cells.
At 20°C the cells remained more normal in appearance at the high 
sa lin ities . At 2°/oo and 4°/oo there was an increase in the number 
of vesicles present in the c e ll, some staining positively with Sudan 
Black.
The results at 10°C were very similar to those at 20°C. Vesicles,
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some proving to contain o i l ,  were found to be present at 2°/oo 
and 4°/oo, and were more abundant than at the higher sa lin ities .
At the higher salin ities  of 16°/oo and 32®/oo the overall appearance 
of the cells remained unchanged, and there was no increase in the 
number of vesicles present within the cells. The mucilage layers 
of the cells remained constant in size at a ll sa lin ities .
A similar pattern was shown by the results at 2^C. The number of 
vesicles increased in cells grown at the lower s a lin ities , whereas 
no change was apparent in cells grown at the higher sa lin ities .
The cells showed no change in the mucilage layers when grown at 
16°/oo and 32°/oo, but sa lin ities  of 4°/oo and below, there was 
an increase in the thickness of the layer.
3.7 Results of Exposures to Drying
The algae were placed on glass slides, and allowed to dry out at 
temperatures from 2°C to 30°C. One group was sim ilarly treated, and 
frozen. At intervals of 24 hours, one slide was placed in a dish of 
culture medium, and the cultures were examined after three days for 
living cells . The test was made using Lissamine Green, which is 
taken up only by dead cells .
At both 20°C arid 30°C the cells a ll died within 48 hours, as did the 
cells which were frozen.
Those at lO^C showed some survival after six days, but the number 
of dead cells far outnumbered the living cells. At 2°C survival was 
high after six days.
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I t  was noted that the mucilage layer had become thicker in a ll 
living cells , especially in those cells which had survived for six 
days at 10°C.
3.8 Observations on Cultures in Different Media
Some cultures of Chrysotila were available which were in the 
senescent type of growth form. Samples were taken from this 
culture and transferred to ASP6 medium.
The cultures were examined daily and within seven days, there were 
signs of fresh growth round the top of the flask. Zoospores were 
found only once during examination of the cultures, but the growth 
of the "Sarcinochrysis" type of cells was typical of that of settled 
zoospores. Within three weeks the culture had changed to the 
"Sardnochrysis" growth form, and a ll signs of the senescent type of 
cells had disappeared.
A second tr ia l was set up using ce ll-free  old media? One sample, 
in which Chrysotila had been grown, and one in which Prasinocladus 
marinus had been grown, was inoculated with "Sardnochrysis"-type 
cells. The cells began to show changes in mucilage thickness after 
several days. Within two weeks the mucilage layer had increased in 
thickness and in many cells there were obvious signs of lamellations. 
The number of vesicles in the cells increased, and the pigmentation 
of the cultures began to change, becoming more brown in appearance. 
After one month the cells showed features of the senescent growth 
habit. No zoospores were found in these cultures, and there was no
* six months old
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obvious tide line growth, as would be expected i f  zoospores had 
been released.
3.9 Experiments on Zoospores Release
Green and Parte(1974) reported some success in producing zoospore 
release in Chrysotila cultures, but were unable to do so consistently. 
Their method relied on osmotic and temperature shocks, either singly 
or combined, with a variety of culture media. In cultures which 
were used for other experiments, zoospores were found to be present, 
but in very low concentrations. The method used by Green and Parke 
was tried , and found to give inconsistent results.
The factors in it ia l ly  considered as affecting zoospores release 
were lig h t, temperature, and osmotic shock.
A series of experiments was set up in which a sample of algae grown 
at 32° /0 0  were inoculated into fresh media of salin ities  from 2°/oo 
to 32°/oo, and maintained in 250 ml Erlenmeyer flasks at temperatures 
from 2°C to 30°C.
First results were inconsistent. Investigation showed that 
aeration of the stock culture, as employed for cultures grown in 
Roux flasks, for 24 hours prior to inoculation affected the zoospore 
release. In a ll cultures in which aeration followed this sequence, 
the subsequent zoospore release followed a consistent pattern. In 
cases where the stock culture was not aerated, the results were 
inconsistent, and adhered to no obvious pattern. Further cultures 
were set up, following the sequence detailed above, but kept in
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darkness. These showed no deviation from the pattern of release 
showed by cultures maintained in the normal light: dark regime.
The number of zoospores could not conveniently be estimated by 
either packed cell volume, or by absorption techniques. The results 
were obtained by microscopic examination of cultures, and the 
number of zoospores was related to the number of non-motile cells in 
the culture. The results are shown as the ratio of motile to non 
motile ce lls , and are summarised in Table 3.9 and Figures 3.13 to 
3.17.
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F I G U R E  3.13
Zoospore Release at 2%>
T im e  in Hours 
Temperature 24 48 72 96 120
2°C
10”C
20 “C
30“ C
Key to Figures 3.13 to 3.17
No Zoospores found
Less than 1% of cells 
as zoospores
1 - 10% of cells as 
zoospores
10% -  20% of cells as 
zoospores
20% - 50% of cells as 
zoospores
Greater than 50%
F I G U R E  3.14
Zoospore Release at 4%,
T im e  in H ours  
Tem perature 24 48 72 96 120
2 ”C
10°C
20°C
3 0 “C
F I GURE  3.15
Zoospore Release at 8X»
T im e in Hours  
Temperature 24 48 72 96 120
2"C
10°C
20° C
30° C
F I G U R E  3.16
Zoospore Release at 16%o
Time in Hours 
Temperature 24 48 72 96 120
2 “C
10“C
20°C
30 C
F I G U R E  3.17
Zoospore Release at 32
T im e  in Hours 
Tem perature 24 48 72 96 120
2°C
10°C
20°C
30°C
CHAPTER FOUR 
DISCUSSION
The principal aim of the project was to investigate the effects 
of salin ity  stress on the growth of Chrysotila lamellosa.
Until recently this genus has remained almost completely ignored, 
and at present interest is confined to its  fine structure. These 
studies (Green and Parke, 1974, 1975) have shown that fundamental 
problems exist with respect to the classification of the alga, 
and its  a ffin itie s  with closely related species (Chapter 1 .1). 
Scattered observations (B illard and Gayral, 1972; Dop and Vroman, 
1977) have produced conflicting evidence on the habitat of this 
organism.
Ruttnera spectabilis was f ir s t  isolated from a fresh water habitat 
(G eitler, 1942). I t  was then rediscovered in a marine habitat
(B illard and Gayral, 1972) and subsequently shown to be conspecific
with Chrysotila lamellosa (Green and Parke, 1975), which was also 
isolated from a marine habitat. The la tte r name has p rio rity , as 
shown in Chapter 1.1. Recently the alga, described as Ruttnera
spectabilis, has been found in a fresh water habitat by Dop and
Vroman (1977).
Since morphologically identical forms of this organism have been 
found in both saline and fresh water habitats, there is a possibility  
that distinct physiological strains exist. This is borne out by
32
the findings of Green and Parke (1975) on the conspecificity of 
the two species mentioned above. I t  shows that this entity was once 
regarded as two separate organisms, simply on the basis of its  
habitat. This has resulted in the separation of the few observations 
available from past work.
The cultures used in the present work were in it ia l ly  transferred 
to ASP6 medium (Chapter 2 .2 ), at 32°/oo sa lin ity , and a ll stocks 
were maintained in this medium. This was similar to the medium in 
which the cultures were supplied. In addition, this original 
isolate had been from seawater, and a ll other isolates had been 
maintained at this salin ity .
The locus classicus of Ruttnera spectabilis is not marine, whereas 
that of Chrysotila lamellosa is , however there is some sim ilarity  
between the two locations. No data exists for the salin ity  levels 
at the locus from which Ruttnera was isolated, but i t  w ill hardly 
be that of sea water. I t  is probable that the sa lin ity  is very 
low and variable at this s ite . The alga at this type of locality  
was found growing on damp rocks, and would be subject to flooding 
with fresh water, and to drying. This w ill cause a considerable 
variation in environmental conditions which the algae w ill have to 
tolerate. Similar variations in conditions exist at the site from 
which Chrysotila was isolated. The alga at this type locality  was 
found growing on chalk c lif fs  exposed to the sea, and would be 
subject to spray from the sea, to fresh water from rain , and drainage 
from the c l i f f  face. Since this is a marine s ite , the salin ity  
variations w ill be much greater. What seems surprising is not its
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a b ility  to survive this variation, but its  apparent a b ility  to grow 
in such a large range of sa lin ities .
The f irs t  group of experiments was designed to investigate the 
growth of the alga over 21 days. This figure was not chosen at 
random, but was a compromise between convenience and the results of 
the in it ia l observations on growth rate. Since the project was 
undertaken on a part-time basis, observations could only be made at 
week-ends.
The results of this group of experiments confirmed that Chrysotila 
w ill grow at sa lin ities  from 2°/oo to 32°/oo. They also show that 
this strain of the alga cannot grow in fresh water. In every case 
the alga died in culture solutions containing salts in only micro­
nutrient concentrations.
The sampling and estimation of growth was made during the exponen­
t ia l phase. Microscopic examination was made on a ll cultures, 
when growth was being measured, and no dead or senescent cells were 
found. The inocula were of similar size for these experiments, 
and were selected to be large enough to compensate for any cell 
death, but not so large as to cause significant changes in the 
composition of the media. The, lig h t, temperature, and aeration 
rate were also kept constant between cultures.
The results were compared s ta tis tic a lly  and the significance at 
p=0.2 is shown in Table 3.3.
Figure 3.1 summarises these results, and certain features of this
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graph are particularly striking. Growth in general seems to be 
greater at the lower salin ities  of 2°/oo to 10°/oo. Within this 
range, two salin ities  stand out, 2°/oo and 8°/oo. At these 
salin ities growth is at its  peak. This feature is confirmed 
s ta tis tic a lly  in Table 3.3. The growth at these two salin ities  is 
shown to be significantly different from growth at a ll other sa lin ities . 
In general, growth at other salin ities is fa ir ly  sim ilar, with no 
significant differences.
One explanation for these apparent anomalies could be the choice 
of a 21 day growth period. I t  is possible that, due to a combination 
of the length of the lag phase, and other factors, the two salin ities  
of 2° /0 0  and 8°/oo became particularly favourable to the growth of 
this strain of the alga.
The second group of experiments was therefore designed to give more 
information on the growth of the alga, and in particular to allow 
growth curves to be drawn for each salin ity .
The estimation of packed cell volume by removal of cells was 
considered unsuitable and the estimation of growth by optical methods 
was adopted (Chapter 2 .5 ). In this way daily estimations of growth 
were obtained with minimum disturbance of the culture. Fourteen 
days however, proved to be the maximum time over which the results 
could be taken. This was due to the build up of bacteria in the 
cultures. This build up was monitored microscopically when the 
samples were taken. After fourteen days the level of bacterial 
contamination was beginning to increase, and although s t i l l  very low
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Table 4.1
Growth Constants for Cultures
Growth Constants (a ll x 10'^) 
Salinity (%) 21 day Expt. 14 day Expt.
2 3.32 2.93
4 2.75 3.01
6 2.64 -
8 3.43 3.78
10 3.37 -
16 2.67 4.33
32 2.22 3.87
Growth Constant K = - InNo
at this time compared to the algal population, the experiment was 
stopped. This decision was taken because at this stage the 
bacteria were s t i l l  not detectable with the nephelometer, but i t  
was fe lt  that they would soon begin to affect the optical reading.
In addition, a high bacterial population would begin to affect the 
constitution of the growth medium, and the experiment was stopped 
before this effect became noticeable.
The results, summarised graphically in Figures 3.2 to 3.6 conflict 
with those of the 21 day growth period. I t  can be seen clearly 
from these graphs that growth is most rapid at the higher salin ities  
of 8°/oo, 16°/oo, and 32°/oo.
The best estimation of growth at different salin ities is the growth 
constant of the culture during the exponential phase (Fogg, 1965).
This has been calculated for both the 21 day growth experiments, 
and the 14 day growth curve experiments. These are shown in Table 
4.1. In comparing these, the assumption is made that both cultures 
are in the exponential phase of growth, and from previous observations, 
this is shown to be so.
The results do not match. The second group are however, more those 
which would have been expected. This strain of the alga has been 
maintained at high salin ities  for a considerable length of time.
I t  would therefore be expected to grow more quickly at higher sa lin i­
ties , and this is confirmed by these results.
One strain of this alga, the “Ruttnera spectabilis" form is adapted 
to the low salin ity  conditions present at the locus classicus,
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whereas the "Chrysotila lamellosa" form is adapted to high sa lin ities . 
Since these two forms are conspecific, and the strain used in this 
work has been maintained at high salin ities for some considerable 
length of time, i t  would be expected that the a b ility  to grow in 
low salin ities  might be lost, or at least, selected against.
The length of the lag phase tends to confirm this. As can be 
seen from the growth curves, the lag phase is very short at high 
sa lin ities , suggesting that the alga is well adapted to growth at 
these levels. However, below 8°/oo, the length of the lag phase 
increases. This suggests that the algae require some time to adapt 
to these lower s a lin ities , before growth can take place.
These two factors, the higher growth constant, and the shorter lag 
phase at high sa lin ities  are such obvious features that the f ir s t  
set of results; growth over 21 days, would appear wrong. Since 
the results were carefully measured, and several replicates were 
taken, then some doubt may be cast on the valid ity  of applying 
these methods to studies on this organism. However these techni­
ques are known to be re liab le , and have been used successfully 
(Hadi, 1974).
I f  the results are to be accepted as valid, then some other feature 
must be responsible for the discrepancy between these methods. The 
explanation may well be in the behaviour of zoospores in the cultures.
The release of zoospores by cultures of the alga was studied in some 
d eta il, and the results show a distinct and repeatable pattern.
Green and Parke (1974) reported inconsistent results for zoospore
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release, and believed that osmotic shock was the most important 
factor.
Consistent, and synchronised release in fact appears to be related 
to a number of factors, the most important of which are aeration 
and temperature. The salin ity  of the medium may enhance the e ffect, 
especially at low sa lin ities , but i t  is not the most important 
factor. The actual transfer to fresh medium is more important than 
the effect of osmotic shock. This is shown by the fact that 
Chrysotila cells at 32°/oo, transferred to fresh medium at the same 
sa lin ity , gave a good release of zoospores. I f  this transfer is 
coupled with osmotic shock, the release is increased, but follows the 
same general pattern. Light has no effect, as several experiments 
were set up in total darkness, and zoospore release followed the same 
pattern. Below 20°C temperature has no marked effect on the 
release of zoospores, but above this temperature release is inhibited 
At 20°C the release at f ir s t  is comparable to that at lower 
temperatures, but i t  is not maintained, and within 48 hours i t  has 
virtua lly  ceased. At 30°C there is no release of zoospores. This 
is to be expected, as shown previously (Chapter 3.6) this temperature 
has adverse effect on growth.
Aeration is a vita l factor in release. I f  the culture is not 
aerated, both before transfer, and a fte r, the zoospore release is 
low, and erratic . The consistent release of zoospores, adhering 
to the pattern already described, only occurs when cultures are 
aerated.
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These results explain the differences in the growth experiments.
Both sets of experiments were taken from stocks maintained in as 
near identical conditions as possible. These stocks were also 
aerated in medium which was changed at regular intervals. During 
growth, the experimental cultures were aerated and kept at 12°C, 
and so zoospore release would have occurred in each culture, following 
the pattern already established. The difference in results can 
therefore be related to the difference in times, measuring techniques, 
and the effects of zoospore release.
In the 21 day cultures, the in it ia l zoospore release w ill have run 
its  course, within about four days, and then settled to become part 
of the non-motile culture. When these cultures were harvested, 
the entire contents were centrifuged, and the packed cell volume 
measured. In these cultures the growth of the non motile cells , 
plus the growth of the settled zoospores w ill have been measured, 
and since there is an enhanced release of zoospores at lower 
salin ities these w ill have changed the expected result, resulting 
in more growth at lower sa lin ities . This release w ill also have 
occurred in the 14 day growth cultures, but two factors affect the 
result. F irs t, the time of the experiment is shorter, giving less 
time for the zoospores to se ttle , and begin growth and multiplica­
tion. The second factor is the method of measurement. The 
cultures were agitated, then transferred to small tubes for optical 
measurement. Since the zoospores are negatively geotactic, 
during measurement they would move upwards, and out of the measuring 
area. In the 14 day experiments therefore, the measurement is
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Table 4.2
Summar.y of Pigment Analysis
Salinity
(*/ôô)
chlorophyll a chlorophyll c 
(inyug/0.5 cm^ )
caroten
2 1.02 5.92 2.48
4 3.50 8.28 7.70
6 4.30 13.78 13.85
8 5.05 12.09 13.94
10 9.98 22.71 28.56
12 13.83 28.05 35.36
16 11.17 28,59 37.39
32 14.56 47.64 50.07
primarily that of the growth of the non-motile cells. The apparent 
enhancement of growth at low salin ity  may be interpreted as a stress 
reaction, in which a forced release of zoospores subsequently leads 
to a larger biomass of the culture. The stress effect may not 
however lead to continued healthy growth of the organism. The 
pigment analysis shows that chlorophyll c and carotenoids are the 
most abundant pigments. Chlorophyll a is also present, but at 
considerably lower concentrations, A summary of the results is 
shown in Table 4.2.
A general trend is obvious in these pigment concentrations (Figures 
3.8 to 3.10) as a ll three pigments are low, at low s a lin ities , and 
increase with increasing sa lin ity . The increase is greatest from 
2° /0 0  to 12°/oo and subsequently becomes less pronounced.
I t  was possible when examining pigment concentrations, to make extra 
observations, and this is why results are available for the salin ities  
at 6°/oo, to 10°/00 , and 12°/oo.
From these results, variance ratios were calculated, to assess the 
significance of the increase in concentration of pigments with 
increasing sa lin ity . These results, with p=0.2, are shown in Tables 
3,5 to 3.8. The differences between concentrations at 2°/oo and 
4°/oo are significant, and in most cases, the differences are also 
significant at 6°/oo. This confirms the observation that the 
amount of pigment is low at these s a lin ities , but that i t  increases 
more rapidly between 2°/oo and 6°/oo, than i t  does between 8°/oo 
and 32°/oo.
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The ratio of total chlorophylls to carotenoids shows a general 
decrease with increasing salin ity  (Figure 3.11) and a comparison 
of variance ratios indicates that these results are significantly  
different for p=0.2 (Table 3 .8 ). As the salin ity  increases, 
therefore, although a ll pigments show an increase in concentration, 
the concentration of carotenoids increases significantly more 
than that of the total chlorophylls. Table 4.2 shows that at 
32°/oo the carotenoids are the most abundant pigments. This can 
be observed in cultures of Chrysotila.
Although there is l i t t l e  difference, visually, between cultures 
grown at similar sa lin ities , such as at 2°/oo and 4°/oo, or 16°/oo 
and 32°/oo, the cultures grown at low salin ities are obviously 
different from those grown at high sa lin ities . The cultures 
grown at high salin ities  are a distinct golden green, whereas 
those at the lower salin ities  are a darker, grey-green colour.
I t  was believed that the amount of pigment would give some indica­
tion of the reaction of the alga to the various s a lin ities , and 
this has been confirmed by the results. The carotenoid concentra­
tions, and the ratios, show how this alga is reacting to its  
conditions. I t  would be expected that this alga would contain a 
high proportion of carotenoids, and i t  does so at high sa lin ities . 
However, at low sa lin ities , not only are a ll pigments low in 
concentration, but particularly the carotenoids, indicating that 
this organism is under some stress at these low sa lin ities .
The concentration of DNA at different salin ities must be treated
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with some caution. These results were obtained at the end of 
the project, and more work is required before conclusions can be 
drawn. The DNA content apparently fa lls  With increasing sa lin ity , 
except for the result at 32°/oo, suggesting that as salin ity  
increases there is a smaller number of larger cells.
As stated in Chapter 3, the algae proved very d if f ic u lt  to handle 
in axenic conditions. The growth was slower than normal, and the 
isolation of axenic cultures was extremely d if f ic u lt . No cultures 
were obtained at 2°/oo, and this result, in consideration with the 
general trends of this organism at low sa lin ities , is significant. 
The fact that at such low salin ities  the alga is already under 
stress, is probably the cause of this fa ilure . In normal cultures, 
the bacterial population may release nutrients useful to the alga, 
and possibly essential to the organism when under stress. When 
this factor is not present, and the alga is already under osmotic 
stress, i t  is unable to survive. I t  is possible that the use of 
a different medium could prove successful for isolation of axenic 
cultures.
In certain cases, environmental stress leads to the formation of 
increased mucilage thickness around the c e ll, or to the build up 
of vesicles within the c e ll.
When the algae are grown at high temperatures, they w ill be under 
considerable stress. At 30°C i t  was found that the thickness of 
the mucilage layer increased very rapidly (Chapter 3 .6). Vesicles 
also began to appear, and although these in it ia l ly ,  were shown to be
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oil vesicles, confirmed by their reaction to Sudan Black, other 
vesicles began to appear within 48 hours. I t  was believed that 
these non-staining vesicles were breakdown products of the ce ll. 
Within four days, many of the cells were dead.
At 20°C the cells grown at high sa lin ities , of 16°/oo and 32°/oo, 
contained a few oil vesicles, but i t  was found that the cells at 
lower salin ities  generally contained more vesicles, especially at 
2°/oo and 4°/oo.
I t  was also found that at 2°C, cells grown at 2°/oo and 4°/oo 
showed a d istinctly thicker mucilage layer than those at higher 
sa lin ities .
The increase in the number of o il vesicles can be interpreted as a 
reaction to stress conditions. Messer and Ben-Shaul (1970) showed 
that enforced senescence on the dinoflagellate Peridini urn westii 
caused a considerable increase in lip id  material in the c e ll, and 
also caused the replacement of the theca by a thick rig id envelope.
A similar study by Palisano and Walne (1972) showed that when cells 
of Euglena granata were "aged" they accumulated numerous cytoplasmic 
granules and lysosome-like structures. In Chrysotila, i t  is 
significant that the increase in mucilage thickness, and in the 
number of cytoplasmic vesicles, is most pronounced at sa lin ities  of 
2° /0 0  and 4°/oo.
When the cells were subjected to drying, i t  was found that where 
cells had survived, their mucilage layer had become thicker 
(Chapter 3.7).
43
These experiments were designed to elucidate the reactions of the 
algae to conditions of extreme stress. One important factor, 
which appears in a ll these results, is the effect of sa lin ity .
In a ll cases the reaction is more extreme at low sa lin ities .
This suggests that, for this strain of the alga, low sa lin ities , 
especially of 2°/oo and 4°/oo, are stressful, whereas high salin ities  
are more favourable.
In these experiments, zoospores were not found. This is 
probably an indication of extreme stress. Slight environmental 
stress produces an enhanced release of zoospores, but conditions 
of extreme stress inh ib it production.
The results of this work suggest that this strain of the alga is 
adapted for growth in high sa lin ities , growing best at sa lin ities  
of 16° /0 0  and 32°/oo. Growth at low salin ities is partly due to 
the effects of the salin ity  on zoospores release, as the low 
salin ities  enhance the production of zoospores. The alga is 
protected to some extent from environmental stress by the mucil­
age layer which surrounds i t .
This layer causes many problems in investigating the organism. I t  
acts as a reservoir of bacteria, making the isolation of the alga 
in axenic conditions very d if f ic u lt . I t  also affects the determina­
tion of packed cell volume. Biochemical investigations are made 
more d iff ic u lt  as the mucilage protects the cell from chemicals, and 
from mechanical shock. Some of these d ifficu lties  have been over­
come, but others remain to be solved.
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In nature, Chrysotila lamellosa is found in the supra!ittoral 
fringe, and the "Ruttnera spectabilis" form is found on damp rocks 
in a terrestria l environment. In both these habitats, the 
organisms are subjected to considerable environmental stress.
In the "Ruttnera" form the mucilage layer, which presented so 
many unforseen problems in experimental manipulations, may well 
act as a buffer between, the cell and its  environment. In the 
"Chrysotila" form the lamellated wall layers probably fu l f i l  the 
same function.
These two forms of this organism show similar a b ilitie s  to withstand 
conditions of sa lin ity  stress. This may be due to the length of 
time in which both have been maintained in culture. I t  would, 
therefore, be of considerable interest to investigate new isolates 
obtained directly from the respective loci classici.
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